To examine the effect of loss of cell-cell contacts on the gene expression of vascular endothelial growth factor (VEGF) and other factors in primary culture of human retinal pigment epithelial (RPE) cells with real-time reverse transcription-PCR. METHODS. The dissociation of postconfluent RPE cells was induced by calcium chelation, low-calcium medium, anti-E-cadherin, and anti-N-cadherin antibodies. Total RNA was isolated from the cultured RPE cells and reverse transcribed to cDNA. VEGF was quantified by real-time PCR with a fluorescence detector. VEGF isoforms were differentially measured by specific exon-spanning primers. Besides VEGF, the gene expression levels of some other growth factors were also examined in calcium-mediated dissociation. RESULTS. Disruption of cell-cell contacts of RPE cells was induced by calcium chelation and low-calcium medium, but not by anti-E-cadherin and anti-N-cadherin antibodies. Calcium-mediated dissociation of RPE cells significantly increased the gene expression levels of VEGF. The mRNA levels of VEGF increased by 6.3-fold on treatment with EGTA and by 4.7-fold in the low-calcium medium at 6 hours. Splice variants of VEGF showed the differential pattern of gene expression. Whereas the expression of VEGF 121 and VEGF 165 was upregulated on calcium-induced dissociation of RPE cells, that of VEGF 145 and VEGF 189 was unchanged. VEGF 206 was not detected. On calcium-induced dissociation, bFGF, IL-6, matrix metalloproteinase (MMP)-1, and placental growth factor (PlGF) were upregulated, whereas acidic (a)FGF and pigment epithelium-derived factor (PEDF) were both downregulated. CONCLUSIONS. The results show that loss of intercellular contacts promotes increased gene expression of VEGF and other angiogenic factors in human RPE cells. (Invest Ophthalmol Vis Sci. 2005;46:1508 -1515) DOI:10.1167/iovs.04-0951 C horoidal neovascularization (CNV) in age-related macular degeneration (AMD) is the leading cause of severe visual impairment in the elderly population.
C horoidal neovascularization (CNV) in age-related macular degeneration (AMD) is the leading cause of severe visual impairment in the elderly population. [1] [2] [3] The abnormally formed new vessels originate from the choroid, penetrate Bruch's membrane, and grow into the subretinal space. Vascular endothelial growth factor (VEGF, also referred to as VEGF-A) is one of the most potent angiogenic factors identified to date and has been implicated in CNV. 4 -8 Other growth factors that promote angiogenesis include basic fibroblast growth factor (bFGF, also FGF-2), 9, 10 acidic fibroblast growth factor (aFGF, also FGF-1), 11 angiogenin, 12 angiopoietin, 13 interleukin (IL)-6, 14 leptin, 15, 16 matrix metalloproteinases (MMPs), 17, 18 placental growth factor (PlGF), 19 and plateletderived growth factor (PDGF). 20 Angiogenesis is also regulated by inhibitors or angiostatic factors, such as pigment epithelium-derived factor (PEDF) 21, 22 and tissue inhibitor of metalloproteinase (TIMP)-1 and its family members. 23, 24 The exact role of these factors in CNV is still under debate.
RPE cells secrete angiogenic factors and modulators, such as VEGF and PEDF. 6, 7, 25, 26 This cell type has also been shown to have diverse functions in the maintenance of retinal integrity and probably plays a crucial role in the formation of CNV. 6, 7, [25] [26] [27] [28] [29] [30] [31] [32] [33] However, the triggers that cause RPE cells to secrete angiogenic factors are still unknown. Oxidative stress is one factor that has been shown in experiments to cause the upregulation of angiogenic factors by RPE cells in vitro. 34, 35 The lipid peroxide 4-hydroxynonenal has been found to increase VEGF expression in RPE cells in vitro. 36 Application of hydrogen peroxide to RPE cells in vitro does not change VEGF levels, but reduces the expression of PEDF in RPE cells, leading to an imbalance between angiogenic and angiostatic factors. 22 Aging is also an important factor implicated in the pathogenesis of AMD. We have recently analyzed the differential gene expression levels of VEGF and other angiogenic factors and have found that there is no enhanced expression of known angiogenic factors in late passage (replicatively senescent) RPE cells, 37 suggesting that aging, per se, is unlikely to be a causal factor in promoting CNV.
In the present study, we investigated the effects of cell-cell interaction on the expression of angiogenesis-associated factors in RPE cells. Cell death of RPE occurs in aging eyes and pathologic conditions, such as oxidative stress, resulting in a partial loss of contacts with neighboring cells. 38 -40 Although it has been reported that disruption of cadherin-related adherens junctions increases VEGF expression in aortic endothelial cells, 41 the effects of cell-cell adhesion on the expression of angiogenesis-associated factors in RPE cells have not been investigated. Cadherins are a superfamily of calcium-dependent cell adhesion molecules. 42 The dynamic expression and distribution of cadherins, particularly of E-and N-cadherin, in RPE cells have been extensively studied by Burke et al. 43, 44 In the present study, we used real-time, quantitative reverse transcription-PCR to quantify the gene expression levels of VEGF and other factors on calcium-mediated cell dissociation in primary RPE cells. The effects of anti-E-and N-cadherin antibodies on cell dissociation were also examined.
MATERIALS AND METHODS

Tissue Culture of Primary RPE Cells
The primary human RPE cells were obtained from donor tissues as described previously. 37 The cells of passages 3 through 5 were used. They were cultured in laminin-coated flasks and maintained in a hu-midified atmosphere with 5% CO 2 . The culture medium is Dulbecco's modified Eagle's medium (DMEM) containing 10% fetal bovine serum (FBS). RPE cells were plated at 1 ϫ 10 5 cells per well in six-well plates for both control and experimental groups. The cells reached confluence after approximately 1 week and were used after further culturing of 5 to 10 days.
Calcium-Dependent Dissociation of Confluent RPE Cells
Three methods were used to disrupt calcium-dependent intercellular adhesion of confluent RPE cells: calcium chelation by EGTA, lowcalcium medium, and calcium-switch with anti-E-and N-cadherin antibodies. 41, 43, 45, 46 One day before these treatments, the medium of all cultures, including the control cultures, was replaced by 1% FBS supplemented DMEM. For EGTA treatment, EGTA was added to the medium at a final concentration of 4 mM on the day of the experiment. For low-calcium (ϳ10 M) treatment, the medium was changed to calcium-free DMEM with 1% FBS. For the calcium-switch experiment, antibodies to anti-E-cadherin (Clone SHE78-7; Calbiochem, La Jolla, CA) and anti-N-cadherin (Clone GC-4; Sigma-Aldrich, St. Louis, MO) were used. In this experiment, the culture medium was first changed to low-calcium medium (calcium-free DMEM with 1% FBS) for 1 hour. Anti-N-or anti-E-cadherin was then added to the medium. The anti-Ncadherin antibody was diluted 1:30. The concentration of anti-E-cadherin antibody was 3 g/mL. Mouse IgG (3 g/mL) was used as the control. After a 30-minute incubation, calcium chloride was added to the medium at a final concentration of 1.8 mM, equivalent to the calcium level of normal DMEM. Samples were collected at different time intervals.
Immunohistochemical Staining of Actin and Cadherins
Cultured RPE cells were fixed in 4% formaldehyde solution and permeated by 0.1% Triton X-100 in PBS. Cells were preincubated in PBS containing 1% FBS for 30 minutes to reduce nonspecific staining. Fluorescent Texas red-X phalloidin (Molecular Probes, Eugene, OR) was then used to stain F-actin. For immunostaining of the cadherins, fixed monolayers were incubated with primary antibodies of anti-Ecadherin (1 g/mL) or anti-N-cadherin (1:100) overnight at 4°C. FITCconjugated anti-mouse IgG was used as secondary antibody to visualize the stained cells.
RT-PCR and Quantitative Real-Time PCR
Total RNA was isolated from the cultured RPE cells using TRIzol (Invitrogen, Carlsbad, CA). The RNA sample was then treated with DNase I to remove genomic DNA contaminants. The RNA yields for both control and experimental groups did not display any significant difference. The cDNA was synthesized by reverse transcription (SuperScript II reverse transcriptase; Invitrogen) and random primers.
The splice variants of VEGF were amplified by PCR and visualized in agarose gel. The VEGF gene is composed of eight exons. The reported splice variants of VEGF contain VEGF 121, VEGF 145 , VEGF 165 , VEGF 189 , and VEGF 206 , according to the lengths of amino acids in the mature proteins. 4, 5, [47] [48] [49] The common sequence of all variants is exons 1 to 5 and exon 8 ( Fig. 1) . Therefore, the following primers, positioned on exons 1 and exon 8, respectively, were used to amplify all isoforms: 5Ј-TGCTGTCTTGGGTGCATTGGA-3Ј (forward) and 5Ј-GAGAGATCT-GGTTCCCGAAA-3Ј (reverse). The cDNA samples were amplified by TaqDNA polymerase (Invitrogen) in 50 mM KCl, 20 mM Tris-HCl, 1.5 mM MgCl 2 , 0.2 mM dNTP and 0.4 M of each primer. PCR was performed at 94°C for 2 minutes, followed by 35 cycles of 94°C for 15 seconds, 58°C for 30 seconds, and 72°C for 1 minute.
The primers for quantifying VEGF isoforms in real-time PCR are shown in Figure 1 and Table 1 . The mRNA sequences of VEGF 121 , VEGF 145 , VEGF 165 , and VEGF 189 are from Keck et al. 5 (GenBank accession no. M27281; http://www.ncbi.nlm.nih.gov/Genbank; provided in the public domain by the National Center for Biotechnology Information, Bethesda, MD), whereas that of VEGF 206 is from Houck et al. 47 (GenBank accession no. S85192). The only difference of these two reported sequences is the length of exon 6, with the latter designated as exon 6 (206) . The primers for measuring all isoforms reside on exon 3. Other primers amplify each splice variant specifically. Real-time PCR was performed with a commercially available system (Prism 7000 Sequence Detection System; Applied Biosystems, Inc. (ABI), Foster City, CA). Fluorescence was detected (SYBR Green; ABI), and the reactions were performed according to the manufacturer's protocol. The reactions were performed at 95°C for 10 minutes, followed by 40 cycles of 95°C for 15 seconds and 60°C for 1 minute. The correct amplification of a specific product was confirmed by the dissociation temperature of the product and agarose gel electrophoresis. Relative quantitation of gene expression was performed using a standard curve method. Briefly, the analysis was based on the threshold cycle (C t ) values of the target genes with glyceraldehydes-3-phosphate dehydrogenase (GAPDH), as the endogenous control. The standard curve for each amplified product was constructed from the four serially diluted samples in duplicate, starting with a 1:20 dilution of cDNA and 1:2 diluted to 1:40, 1:80, and 1:160. Each standard curve was used to calculate the relative amount of unknown samples for that product. The amount of the target product was divided by the amount of GAPDH in the same sample to calculate the normalized value. The relative gene expression was represented by ratios of the normalized 47 values of the experimental samples to that of the control. The effects of calcium-mediated cell dissociation on the gene expression of some other angiogenic or angiostatic factors were also examined. The primers for these factors are listed in Table 2 .
RESULTS
We first examined the effects of three experimental methods on cell-cell adhesion of RPE cells. Shortly after administration of 4 mM EGTA to the RPE cell cultures, disruption of cell-cell contacts was evident, as observed under phase-contrast microscopy and immunostaining with F-actin antibody (Fig. 2) . Dissociation of intercellular junctions also occurred when free Ca 2ϩ concentration was lowered to approximately 10 M in low-calcium medium. The cadherins, such as E-and N-cadherin, are major homophilic cell-cell adhesion molecules. Immunocytochemical staining of the RPE cultures with antibodies to E-and N-cadherin showed their existence at intercellular sites (data not shown). These antibodies have been used to induce the disruption of intercellular adherens junctions. 43, 50 However, treatment with blocking antibodies against E-cadherin (3 g/mL) or N-cadherin (1:30) in calcium-switch experiments did not induce dissociation of RPE cells (Fig. 2) . Other concentrations of the anti-E-cadherin (0.1-3 g/mL) and anti-N-cadherin (1:1000 -1:30) antibodies, as well as the combination of anti-E-cadherin (3 g/mL) and anti-N-cadherin (1:30) antibodies were examined in calcium-switch experiments, and no cell dissociation was observed (data not shown).
VEGF is the major angiogenic factor synthesized by RPE cells. To investigate the relationship of calcium-dependent cell-cell adhesion and VEGF gene expression, real-time PCR was used to measure VEGF gene expression under different conditions. Total VEGF mRNA was quantified with the primers on exon 3 to measure all splice variants of VEGF. GAPDH was used as the internal control. As shown in Figure 3 , the total VEGF mRNA levels at 6 hours after treatment of EGTA and low-calcium medium significantly increased, whereas VEGF levels did not change with treatments with anti-E-and anti-Ncadherin antibodies in calcium-switch experiments. These results suggest that gene expression of VEGF is highly regulated by intercellular adhesion of RPE cells whose dissociation is induced by calcium chelation and low calcium concentration, but not by cadherin blocking. The time course of VEGF expression was examined in RPE cultures treated with EGTA and low-calcium medium (Fig. 4) . Total VEGF gene expression increased at 3 hours after addition of 4 mM EGTA and lowcalcium medium. The increased expression reached peak levels at approximately 6 hours and gradually decreased within 24 hours.
There are several VEGF isoforms generated by alternative splicing from a single gene. The splice variants, including V 121 , V 145 , V 165 , V 189 , and V 206 , have been identified in human tissue. These VEGF species have been implicated in different functions in a variety of tissues. In the present experiment, we used specific boundary-spanning primers to quantify the VEGF isoforms in calcium-dependent cell dissociation. First, the existence of VEGF isoforms in RPE cell cultures was examined. Total RNA from cultured RPE cells was reverse transcribed to cDNA. Standard RT-PCR was used to amplify all VEGF splice variants with primers on exons 1 and 8. Four amplified species, In total, 12 angiogenesis-related genes were selected, and GAPDH was used as the internal control. (Fig. 5A) . No amplified product corresponding to V 206 was found. VEGF isoforms were also examined by real-time quantitative RT-PCR with their corresponding primers, as shown in Table 1 . Consistently, the amplified products of V 121 , V 145 , V 165 , and V 189 , but not V 206 , were identified in agarose gel (Fig.  5B) . The same results were obtained from the RPE cell samples treated with EGTA and low-calcium medium (data not shown). The changes of VEGF isoforms under the condition of calcium-dependent cell-cell dissociation were quantified by realtime quantitative RT-PCR. The primers for amplifying total VEGF and its splice variants were shown in Figure 1 and Table  1 . The cultured RPE cells were treated with 4 mM EGTA and low-calcium medium for 6 hours. GAPDH was the internal control, as described in the Methods section. Although total VEGF expression increased with treatments with EGTA and low-calcium medium, the levels of VEGF isoforms showed a differential pattern of expression (Fig. 6) . In both of the treatments, the expression levels of V 121 and V 165 significantly increased, whereas V 145 and V 189 were unchanged compared with levels in the control cultures. The mRNA of V 206 was not detected in all the samples. This result shows the differential expression of VEGF isoforms after intercellular dissociation of RPE cells and suggests that each fragment may have specific physiological functions in vivo.
Besides VEGF, many other growth factors have been implicated in angiogenesis. The effects of calcium-mediated intercellular dissociation on the gene expression of these factors were investigated. Twelve angiogenesis-related factors were selected for real-time PCR examination (Table 2) . GAPDH was used as the internal control. Leptin cDNA was not detected. The results showed that the gene expression levels of bFGF increased and that of aFGF decreased significantly in RPE cells treated by both EGTA and low-calcium medium (Table 3) . RPE cells treated with EGTA, but not low-calcium medium, showed the upregulated expression of IL-6, MMP-1, and PlGF and downregulated expression of PEDF. It is unknown why the changes of these factors were not observed in the treatment of low-calcium medium. The gene expression levels of other factors, including angiogenin, angiopoietin, MMP-2, PDGF, and TIMP-1 were unchanged in calcium-mediated dissociation.
DISCUSSION
Angiogenesis is a highly regulated process that is under the control of angiogenic stimulators and inhibitors. Unregulated angiogenesis is seen under pathologic conditions, including CNV in the wet form of AMD. As discussed earlier, RPE cells have been found to secrete angiogenesis-associated factors and modulate the formation of choroidal capillaries. It is important, therefore, to know the potential external or internal stimuli that may alter the homeostasis of these growth factors. In the present study, we investigated the effects of disruption of cell-cell contacts on the gene expression of some selected angiogenesis-associated factors in cultured RPE cells. Our results show that gene expression levels of a number of factors are significantly affected by calcium-dependent intercellular dissociation. VEGF, the major angiogenic factor, has the highest increase of gene expression. Other factors, such as bFGF, IL-6, MMP-1, and PlGF, showed upregulated gene expression of various degrees. aFGF and PEGF, however, were downregulated on disruption of cell-cell contacts. Integral intercellular adhesion is fundamental for the epithelial cells to exert physiological functions and maintain normal structure. Adherens junctions, along with several other types of junctions, develop at the cell-to-cell contact sites between neighboring cells after confluence. Cadherins are a superfamily of Ca 2ϩ -dependent cell-adhesion molecules. 42, 51 Calcium binding with the extracellular portion of the polypeptide chain is a prerequisite for cadherin-mediated cell-cell adhesion. Removal of extracellular Ca 2ϩ ions by EGTA or calcium-free medium can cause obvious dissociation of RPE cells, as observed by changes in cellular morphology and junction-associated actin. However, function-blocking antibodies against E-and N-cadherin have failed to disrupt intercellular adhesions of RPE cells, though expression of E-and N-cadherin was confirmed by immunocytochemical staining. It is assumed that the formation of Ca 2ϩ -dependent adherens junctions of RPE cells involves many other members of the cadherin superfamily besides E-and N-cadherin. Blocking one or two cadherins may not be enough to disrupt the cell-cell adhesions. Blocking antibodies have been reported to induce disruption of intercellular adhesion in other cell types and, subsequently, changes of cellular function. It has been found that anti-vascular endothelial cadherin (VE-Cad) antibody, as well as EGTA, disrupts adherens junctions of aortic endothelial cells and stimulates VEGF production. 41 In airway epithelial cells, anti-Ecadherin antibody, or low Ca 2ϩ , disrupts intercellular adhesions and increases cell permeability and adenoviral infection. 50 These results indicate that functional changes are closely related to the status of intercellular adhesion. Disruption of cell-cell contacts by either extracellular Ca 2ϩ manipulation or blocking antibodies of cadherins can trigger changes of a series of cellular functions. It is clear that the cadherin homodimers of the neighboring cells are linked to actin cytoskeleton by catenins and other cytoskeletal protein. 52, 53 However, the signaling pathway from cadherins to the effective genes in nuclei remains largely unclear. It has yet to be clarified that the gene expression changes in Ca 2ϩ -mediated cell dissociation model do not result from the direct action of cellular Ca 2ϩ concentration. There is no evidence thus far showing that low extracellular Ca 2ϩ itself may change intracellular Ca 2ϩ levels. However, an effective cell dissociation model without calcium involvement, such as physical removal Table 1 . V 206 products were not detected in both cases. Similar results were also observed from RPE cells treated with EGTA and low-calcium medium (not shown). Data are expressed at the mean Ϯ SD. RPE cultures were treated with 4 mM EGTA and low-calcium medium for 6 hours. In total, 12 angiogenesis-related genes were examined, and GAPDH was used as the internal control. Leptin was not detected. Values represent mean Ϯ SEM of four independent experiments in duplicate. 1, increased significantly (P Ͻ 0.01); 2, decreased significantly (P Ͻ 0.01). Others show no significant change.
of certain areas of confluent cells, needs to be developed to clarify the role of Ca 2ϩ ions. RPE cells on Ca 2ϩ -mediated dissociation show the differential gene expression of VEGF isoforms in our study. Of the five reported splice variants of VEGF, V 206 was not detected in RPE cells. V 121 and V 165 were significantly upregulated on Ca 2ϩ -mediated disruption of cell-cell contacts, whereas V 145 and V 189 were unchanged. This result reflects the different biological activities of each VEGF isoform. Consistent with this observation, other reports have shown the distinguished function of V 121 and V 165 in promoting angiogenesis. 47,54 -56 For example, using transiently expressed VEGF clones, Houck et al. 47 found that V 121 and V 165 , but not V 189 and V 206 , possess endothelial cell mitogenic activity. A clinical study showed that VEGF 121 and VEGF 165 are more significantly related to synovial proliferation in diabetes mellitus than other VEGF isoforms. 56 The VEGF isoforms have different heparin-binding properties. V 121 , the shortest form, does not bind heparin, and diffuses more readily. 57 V 145 and V 165 both bind heparin. However, VEGF 145 binds extracellular matrix (ECM) more efficiently, than does V 165 , which only weakly binds ECM. 49, 57 V 189 and V 206 are tightly bound to the cell surface and ECM due to their powerful affinity to heparin-containing proteoglycans. 57, 58 These lines of evidence suggest that the more diffusible isoforms of V 121 and V 165 play important roles in promoting angiogenesis.
Besides VEGF, many other factors are involved in the angiogenesis process. Of the limited number of growth factors we examined, angiogenic stimulators and inhibitors displayed a differential expression pattern. bFGF is another major angiogenic factor that has been described. 59 -61 In our study, bFGF was upregulated in Ca 2ϩ -mediated dissociation of RPE cells. Other genes that showed increased gene expression included PlGF, MMP-1, and IL-6. PlGF shares 53% amino acid sequence identity with VEGF and is capable of stimulating endothelial cell growth in vitro. 19 MMPs are a family of degradative enzymes involved in the breakdown of ECM in normal physiological functions and disease processes, including neovascularization. 17 ,62 IL-6 also plays a role in angiogenesis. 14 Our study shows the decreased gene expression of aFGF and PEDF on calcium chelation. The reason for the downregulation of aFGF is unknown, because aFGF is considered an angiogenic factor. 11 PEDF is a potent inhibitor of angiogenesis. 21 OhnoMatsui et al. 22 reported that H 2 O 2 induces a dose-dependent decrease of PEDF expression in differentiated RPE cells, whereas VEGF expression is unchanged. They suggested that the oxidative-stress-induced vessel formation results from the imbalance of VEGF and PEDF, rather than a single-factor action. These data demonstrate that synergistic efforts from angiogenic factors and inhibitors are necessary for the multistep process of angiogenesis that consists of degradation of basement membrane, migration, and proliferation of endothelial cells, canalization, and branching, for example.
There are several lines of evidence that show the possible interaction among multiple angiogenic factors in different cell types. For example, combined administration of VEGF and bFGF to endothelial cells in three-dimensional collagen gels results in much greater and more rapid capillary tubule formation than the additive effects of either mitogen alone. 63, 64 This synergism of VEGF and bFGF was also found in the capillary formation in an animal model of hind limb ischemia. 65 The combinations of other growth factors, such as bFGF and PlGF or VEGF and insulin-like growth factor (IGF)-I, have shown similar synergistic effects on cell migration and proliferation of retinal endothelial cells. 66 These results demonstrate the convergent action of multiple growth factors in processes leading to angiogenesis. Though the mechanism is largely unknown, some growth factors stimulate the production of receptors for other growth factors and act synergistically at this level. 67, 68 Growth factors may also regulate the gene expression levels of other growth factors in an autocrine or paracrine manner. It has recently been reported that VEGF induces MMP-1 and IL-6 expression, and these findings suggest that VEGF is an autocrine stimulator in chondrocytes. 69 It was also found that bFGF could upregulate VEGF expression in different cell types, such as endothelial cells, 70 mesothelial cells, 71 and smooth muscle cells. 72 It is still unknown whether RPE cells share similar regulatory mechanisms, but it is highly possible. These studies point to the complex interactions among angiogenic factors, and highlight the need for further understanding of the synergistic effects, as well as the individual effects, of these growth factors.
Upregulation of a variety of growth factors, or a balance shift toward angiogenesis, was also reported in the woundhealing response. Mainly studied in skin wound-healing models, the family members of growth factors, including VEGF, FGF, PDGF, IGF, and EGF, were shown to have increased expression at the wound site. 73 Similarly, induction of experimental CNV by laser burns increases the expression levels of VEGF and its receptor, as well as bFGF, in RPE cells. 74, 75 There is evidence that wound healing may be a factor associated with the pathogenesis of AMD. 76 In the wound-healing models, cells at the edges of wounded monolayers not only lose cell-cell contacts, but also initiate an inflammatory response. Thus, in the wound-healing models, multiple factors may be associated with the balance shift toward angiogenesis. However, in the present study, we focused on the role of cell-cell contacts and its relationship to the balance shift toward angiogenesis.
Evidence has been obtained from human donor eyes that RPE cells may undergo apoptosis due to aging and/or oxidative stress caused by such injuries as UV light damage or trauma. 77 The loss of cell-cell contacts within the RPE monolayer may be one of the triggers leading to a balance shift toward angiogenesis. If surrounding cells do not migrate into and replace the dead or dying cells, a chronic upregulation of angiogenic factors from the surviving cells may ensue. There is indirect evidence of this process, in that it has been found that focal CNV is associated with surviving RPE cells. 78 More efforts are needed to clarify the role of cell-cell contacts on the RPE cell in CNV and other angiogenic processes in the eye.
